ABSTRACT
Introduction
Couples who are at risk of having an infant with a serious genetic disorder can benefit from pre-implantation genetic diagnosis (PGD). In this process, multiple zygotes can be developed and tested, and only the ones who are healthy are then implanted in the woman to carry to term (1) . The PGD process has been studied and found to be successful in Saudi Arabia. In one study, 137 families underwent PGD, which resulted in 802 embryos, of which only 24% were transferred to the woman to carry to term (2) in Saudi Arabian couples toward PGD and found that only 8 of the 30 couples they studied would accept PGD. However, in 2010, they studied 184 parents who either had a genetically-diseased child or were visiting the in vitro fertilization (IVF) clinic for infertility, and found that these families were enthusiastic about PGD, and were not concerned about the technical limitations or the ethical issues behind it (4) . Those who do not choose PGD instead opt for prenatal diagnosis (PND), where the woman gets pregnant first the natural way and the fetus is tested early for genetic abnormalities (4) . While the study in 2006 suggested that, among Saudi Arabian couples, PND was preferred; the more recent study suggests that PGD is preferred. The King Faisal Specialist Hospital Research Center (KFSH-RC) Genetic Counseling Clinic (GCC), in Riyadh, Saudi Arabia offers PGD to couples. Couples are referred if they have a child with a genetic disorder with a known mutation, or if the woman in the couple is currently carrying an infant suspected to have a genetic disorder. The couples are given a choice between PGD and PND. The hypothesis of the current study was that among patients of the GCC, men and women in the same couple with at least one child with a genetic disorder will have significantly different attitudes toward choosing PGD versus PND. Thus, the study aimed to determine whether among patients of the GCC, men and women in the same couple with at least one child with a genetic disorder will have significantly different attitudes toward choosing PGD versus PND.
Subjects and Methods
In this cross-sectional clinical study conducted during May 2017, couples who were patients at the GCC who had at least one child with a genetic disease were asked to complete an anonymous survey about their attitudes toward PGD versus PND. The responses were compared between men and women in couples. The study population, survey development, data collection, and data analysis plans were systematically reviewed. This study has been approved by the Alfaisal University Ethical Review Board. As a part of the approval, the survey used in the study was approved. The study participants included couples who were attending genetic counseling when considering whether or not to have the woman get pregnant. They were recruited from the GCC, in Riyadh, Saudi Arabia. Patients at this clinic included couples referred from other departments at KFSH-RC as well as from other public hospitals in Saudi Arabia. There were two types of couples referred: (1) those with an existing child with a genetic disease who were concerned about having another diseased child and (2) those couples where the wife was currently pregnant with a potentially diseased fetus. Most couples referred fall in the first category and were recruited for the study. At the GCC, referred couples meet with a genetic counselor, who describes that they can choose one of two processes: PGD or PND. If the couple chooses the PGD, they are scheduled then for their first appointment approximately 2 years in the future (due to a long waiting list at the clinic). However, if the couple chooses PND, they will immediately be placed in the PND protocol. In terms of genetic disorders, PGD is seen as primary prevention, and PND is seen as secondary prevention.
There are some ethical issues that come up in this process. First, those at the GCC who are told that they have a diseased fetus they cannot abort because the disease is non-life-threatening may go to a private clinic to have this work done. Second, primary prevention through PGD is preferable, but due to the long waiting list, this is not possible for many couples. If the woman is over the age of 40, the clinic will not provide PGD due to concerns with ovum quality. This is because, by age 40, the chance of a woman conceiving (with her own ova) is no more than 10%-15%. Therefore, couples might be turned away over this issue. Also, couples may choose to go to an expensive private clinic for PGD services because they do not want to wait the 2 years, but those without enough funds for this are left with the choice between waiting 2 years for PGD or choosing the PND process right away.
This situation suggests that these ethical considerations may have a strong influence on the decision process of couples. The rules about aborting fetuses might drive couples to private clinics and away from the GCC. However, those who cannot afford private care may continue with the GCC. There are likely other ethical issues that are personal and might impact the couples' decisions. Detailed inclusion and exclusion criteria for this study are listed in the Supplementary Data. A literature search was performed to identify an appropriate quantitative instrument for measuring attitudes in couples toward PGD and PND. Qualitative instruments were identified, but no quantitative instruments were found. To clarify, no quantitative instruments for measuring attitudes in couples toward PGD and PND were found in the literature that had been the subject of reliability and validity tests, and therefore, no instrument was identified that could be used as an international standard. For this reason, the researchers had to develop their own survey for this study. The hypothesis was examined, and a list of domains required in the survey to answer the hypothesis was developed based on similar surveys (5) . The domains and their descriptions are listed in Table A included in the Supplementary Data. Statements were designed corresponding to the different domains of the survey (Table A) . The respondents were asked to rate their level of agreement with each of the statements on a scale of 1-5, where 1 strongly disagreed, and 5 strongly agreed. The statements in the survey are provided in Table B of Supplementary Data. In addition, demographic questions were developed corresponding to the demographic domains of the survey.
The survey was first written in English and then translated to Arabic. Next, it was then back-translated to English by another translator, and any issues with interpretation were addressed with minor changes. Because this was the first time this survey was used, it was not studied for validity and reliability, although the authors intend to study and improve upon this survey in the future.
The recruitment of study subjects took place at the initial visit, where the choice between PGD and PND was explained. Couples attending a genetic consultation who appeared to qualify for the survey were approached at the end of the consultation by the clinician. If the couple was found to be eligible and consented to the survey procedures, the couple was enrolled in the study. To preserve anonymity, verbal consent was used with no documentation of consent. After consent, the couple was given a packet containing two identical copies of the survey, one labeled for the wife and the other labeled for the husband, along with an envelope that could be sealed. The surveys were numbered with randomly chosen study identification (ID) numbers (couple ID for the couple and study ID for the individual) to facilitate anonymity of the couple but to also allow the researcher to pair the surveys together during analysis. The couple was also provided writing utensils if needed. The clinician left the room while the couple filled out their respective surveys and sealed them in the envelope provided. The sealed envelopes were stored in a locked drawer and collected by the researcher at least once per week. Later, the envelopes were opened by one researcher (F. A.), and data entry was conducted into an Excel spreadsheet. This spreadsheet was de-identified because only the couple IDs and study IDs were included as identifiers.
G Power software was used for the sample size calculation (6). The power calculation was designed to estimate how many couples would be needed to show a statistically significant difference between men and women with respect to the response to the survey statement, "If I had to choose today, I would choose PGD over PND." It was hypothesized that the mean response in men would be lower, and the mean response in women would be higher. Effect sizes were calculated by subtracting the estimated mean of the men's rating of the statement from the estimated mean of the women's rating of the statement. Assuming an alpha of 0.05 and a power of 80%, the sample needed was estimated at various effect sizes. An effect size of a difference of approximately two to four points was targeted. Ultimately, given the time available, clinic flows, and estimated sample at various effect sizes, a target recruitment goal of 45 couples (45 men and 45 women, total = 90 participants) was set.
Descriptive analysis (means and percentages) was done on all the data from couples and individuals in the couples. To answer the research question, answers to the preference for PND versus PGD and the various reasons were compared between men and women. Participants were considered to have "agreed" with each statement if they answered 4 or 5 to each statement. Rates of men and women agreeing with the various statements, both in aggregate and within couples, were analyzed. Chisquare and Fisher's exact tests (where cells included less than five units) were used to compare differences in rates of agreement between men and women and between couples.
Results
A total of 40 couples agreed to complete the surveys. The surveys from one couple were not returned, and another couple was found to not qualify for the survey after completing it, making the total number of couples included in the analysis equal to 38. Table 1 and Figure 1 represent couple demographics.
As shown in Table 1 and Figure 1 , there was wide variability in the number of children the couples reported having. Demographics of the men and women in the couples in the study are presented separately in Table 2 . Table 2 shows column percentages. As shown in Table  2 , women in couples were younger than the men. There were no men in the lowest age group, 18-25 years old, but there were four women (11%). There were more men in the age 36-55 group (n = 16, 42%) compared to women (n = 11, 29%), and there were only men in the oldest age group of 55+ (n = 3, 8%). PGD is limited to women under age 40, so women in this study would be expected to be in younger age groups. The highest level of education was similar among men compared to women, in that 20 men (53%) and 20 women (53%) reported having achieved at least a bachelor's degree. For both men and women, the primary reason stated for visiting the GCC was because of an existing child or children with a genetic disorder (men n = 32, 84%, and women n = 31, 82%). However, two women (5%) and two men (5%) indicated their primary reason for visiting was concern about multiple abortions, while three women (8%) and two men (5%) said they were primarily concerned that they themselves may have a family history of a genetic disorder. Also, both men (n = 16, 42%) and women (n = 18, 47%) listed family and friends as the main influencers in their decision between PGD and PND, with the second most common answer in both being from what was learned in the counseling session (men n = 15, 39%, and women n = 11, 29%). Equal percentages of women (6, 16%) and men (6, 16%) listed the media and internet as the main Table 1 . Couples information.
(n, %)
2 (n, %) 3 (n, %) 4 (n, %) 5 or more (n, %)
Unknown (n, %)
Number of children 6 (16%) 10 (26%) 7 (18%) 6 (16%) 9 (24%) 0 (0%)
Number of children born with genetic disorder 22 (58%) 9 (24%) 4 (11%) 1 (3%) 0 (0%) 2 (5%) Other influence**** influencer. Table 3 represents the attitudes of men and women in aggregate.
As shown in Table 3 , in aggregate, men and women did not show any statistically significant differences in their overall agreement with statements indicating a preference for PGD versus PND, as well as in their agreement with specific statements indicating a preference for PGD versus PND.
To understand agreement and disagreement within couples with each statement, couples were placed into one of four categories: (1) Both husband and wife agree with the statement, (2) neither husband nor wife agrees with the statement, (3) husband agrees but wife does not agree, and (4) wife agrees but husband does not agree. The distribution of couples categorized this way by the statement is presented in Table 4 .
As shown in Table 4 , over half of the couples were concordant on all the statements, meaning they either both agreed with the statement or they both did not agree with the statement. The results for the discordant couples, or couples where the husband and wife answered differently, are presented in Figure 2A for PGD statements and Figure 2B for PND statements.
As shown in Figure 2A , with respect to the PGD statements, almost the same percentage of couples was in both discordant groups. As shown in Figure 2B , there was a similar pattern with respect to PND statements, with about half of discordant couples having the husband agreeing with PND statements, while the wife disagreed, and the other half vice versa.
Discussion
The results of this study show that the members of Saudi Arabian couples who were patients of the GCC who had at least one child with a genetic disorder did not have significantly different attitudes toward choosing PGD versus PND. Although it had been hypothesized that the largest percentages of discordant couples would be the ones where the wife preferred PGD and the husband preferred PND, this was not the case in this study. Although for some questions, as high as 45% of the couples were discordant on their answers, discordant couples were found to be roughly equal with respect to the wife preferring PGD and the husband preferring PND, and vice versa. No strong trends were found to suggest that there were a greater number of discordant couples where the wife preferred PGD and the husband preferred PND. In previous studies of Saudi couples' preferences for PGD versus PND, the couples were studied together, and individual opinions of each member of the couple were not gathered. For example, Alsulaiman and Hewison (3) reported that of the 30 couples they surveyed, only 8 (27%) accepted PGD, and four (13%) accepted PND, but did not query the members of the couples individually to probe for differences in opinions. A 2010 study by Alsulaiman et al. (4) again examined attitudes toward PGD and PND (as well as IVF) in terms of Saudi couples' attitudes rather than individual attitudes of the members of the couple. While quantitative data were presented in both of these articles, they were derived from the results of semi-structured interviews (3, 4) . This makes it difficult to compare the results of the present study with previous studies, as the current study quantitatively gathered information, and compared attitudes of individual members of the couples. One comparison could be made, however, between a trend toward greater acceptance of PGD that was found and noted by authors when comparing findings from the 2006 paper and the 2010 paper (3, 4) . While only 27% of the couples accepted PGD in the 2006 article, in the 2010 article, the authors reported "families were enthusiastic about PGD and relatively unconcerned about its technical limitations"; this trend was also seen in the results of the current study.
In the 2010 study, 94% of couples in one study group and 100% of couples in another study group responded "yes" to the question, "If PGD was offered to you, would you accept it?" (4). While the current study had lower rates of members of couples preferring PGD to PND, there was still a higher interest overall in PGD compared to PND in this study, which matches the general trend seen in these past studies. Another study by Alsulaiman and Hewison (7) published the results of a quantitative questionnaire given to 200 parents (100 couples) about PND and termination of pregnancy for a range of different genetic disorders. While the questionnaire employed did not ask questions about PGD, the results were analyzed in men and women separately, and the authors found that although men and women held similar attitudes toward PND diagnosis, mothers' attitudes toward termination of pregnancy were more favorable" (7) . This remains consistent with the findings of the current study which showed that women in the couples overall did not seem as concerned with termination of pregnancy under PND as men in the couples did. Although the attitudes of men and women both within couples and in aggregate did not show any differences in this study, overall, the high levels of agreement with some technical statements about PGD and PND, as well as other results in the survey suggest that the counseling session was helpful in imparting knowledge to the participants. This is a positive signal, given that a 2013 study by Abolfotouh et al. (5) found knowledge about IVF was low in Saudi patients making decisions about IVF. However, the extremely low rates of agreement on the statements reflecting negative aspects of PND suggest that this area of education in the counseling session may be weaker. Participants felt much less favorable to PND when presented with the negative aspects, so perhaps these should be more emphasized in the counseling session so they are considered more carefully in the couples' decision.
There are both strengths and limitations to this study. Strengths include that the study was completely anonymous, and collected and analyzed data in terms of both couples as well as independent members of the couple. Limitations of the study include that the questionnaire needed to be developed since one did not exist, and the newly designed questionnaire was not tested for its validity and reliability. Although results in this study were not statistically significant, it is acknowledged that 38 couples were below the recruitment target, and perhaps including more couples in the study would have provided a clearer picture. Some differences may be statistically significant with enough data gathered. Also, the study took place at only one clinic in Saudi Arabia; results might be different at a different clinic in Saudi Arabia, or in a different country. Future studies should be conducted considering the current study as a base. Furthermore, a reliable and valid questionnaire for measuring couples' attitudes toward PGD and PND should be also developed.
